Abstract: A species-specific DNA sequence (marker) that can detect the presence of Secale cereale chromatin in common wheat background was developed by using wheat microsatellite primer Xgwm614. One rye-specific DNA amplified fragment of 416bp (pSa614416) was obtained from Secale africanum and a wheat -S. africanum amphiploid. The primer Xgwm614 also gave rise to specific bands in all Chinese Spring-Imperial rye addition lines 1R to 7R. Sequence analysis revealed that pSa614416 was strongly homologous to a miniature inverted transposable element (MITE) stowaway-like element. Results of fluorescence in situ hybridization showed that the signal of pSa614416 was distributed along all S. cereale. cv Jingzhou chromosomes, but the signal strengths were unbalanced on the seven rye genome chromosomes. This repetitive element may be useful as a molecular marker for the introgression of rye germplasm into the wheat genome.
Introduction
The genus Secale in the tribe Triticeae consists of three annual species, S. cereale L., S. vavilovii Grouch and S. silvestre Host, and two perennial species, S. strictum Presl and S. africanum Stapf (Frederiksen & Petersen 1998; Cuadrado & Jouve 2002) . Secale is a source of genes for insect and disease resistance for wheat improvement (Lukaszewski & Gustafson 1987; Friebe & Kynast 1999) . Due to these advantages, much attention has been paid to the transfers of the rye chromatin into common wheat and the evolutionary relationships among species (Belyayev 2001; Adonina et al. 2004; Zhou et al. 2010) .
The majority of higher plants' nuclear genomes are predominantly composed of numerous families of repetitive elements differing in their origins (Li et al. 2004) . In repetitive element families, transposable elements are DNA fragments that can move into new chromosomal location and may make duplicated copies in the process. According to their transposition mode, the transposable elements usually fall into two classes. Class I elements, retro-transposons relocate by means of an RNA intermediate via a copy-and-paste mechanism, while Class II elements transpose via a DNA intermediate using cut-and-paste mechanism and are characterized by the presence of terminal inverted repeats, or TIRs (Casacuberta et al. 1998; Macas et al. 2005) . However, for some other elements, their transposition mode is unknown and they are called miniature inverted-repeat transposable elements (MITE). MITEs were first discovered in maize and distinguished from other transposable elements by their small size, short terminal inverted repeats, high copy numbers, genic preference and secondary structure (Bureau & Wessler 1992 ). Subsequently, a number of MITEs distinguished in nucleotide sequences were identified in both monocot and dicot plants and classified into families according to target site and TIR sequence (Feschotte et al. 2002 (Feschotte et al. , 2003 . In plants, elements of stowaway family have been identified in numerous dicots and monocots by their 10bp consensus TIRs sequence (5'-CTCCCTCCRT-3') and generating TSD (Target Site Duplication) of dinucleotide TA (Feschotte et al. 2003) .
In the present study, using a wheat-Secale amphiploid and its derivatives, we isolated one MITE stowaway-like sequence by PCR-based method, which could be developed as a specific marker. Its chromosomal distribution revealed by fluorescence in situ hybridization (FISH), which was useful for the maker assisted selection for targeting the rye chromatin introduced into wheat background. Genomic DNA isolation and PCR amplification Total DNA used as templates for PCR was extracted from leaves of seedlings as described by Wei et al. (1995) . A specific SSR primer pair, named "Xgwm614", was developed by Roder et al. (1998) 
Material and methods

Plant material
Cloning of PCR products and DNA sequencing
The species-specific PCR products were excised from 1.0% agarose gels and purified using a gel extraction kit (Shenerg Biocolor, Shanghai, China) according to the manufacturer's instructions. Fragments of those products were inserted into vector pMD18T (TaKaRa, Japan) and then introduced into Escherichia coli JM109 by heat shock transformation (Sambrook et al. 1989 ). We randomly selected 5 white colonies per sample in the pool of colonies on Luria-Bertani (LB) culture plates with Amp, IPTG and X-gal. To ensure the success of cloning, colony PCR was performed by the primers Xgwm614 and M13F, M13R. The DNA sequencing was performed on ABI377 sequencer (Invitrogen, Shanghai, China).
Sequence analyses
Database searches were performed at the NCBI World Wide Web server using the Basic Local Alignment Search Tool (BLAST) network service. Sequences alignment and comparisons were performed using DNAMAN 6.0 (Lynnon Biosoft, Vaudreuil, Quebec, Canada). Minimum-energy folding of elements was carried out using MFOLD (M. Zuker, Washington University School of Medicine).
Fluorescence in situ hybridization (FISH)
Root tips of S. cereale and T. aestivum, 2-3 cm in length, were excised, placed in ice water for 24h, and then fixed in acetic acid : ethanol (1 : 3). The fixed material was squashed in 45% acetic acid, followed by removal of cover slips after using freezing liquid nitrogen. The insert of the plasmid was labeled with digoxigenin-11-dUTP by nick translation according to the manufacturer's instructions (Roche Diagnostics, Indianapolis, IN). The hybridization mixture was prepared and it was manipulated as described by Mukai et al. (1993) . The digoxigenin labeled DNA signal was detected with fluorescein-conjugated antidigoxigenin antibody (Roche Diagnostics). The process of hybridization was performed following Friebe et al. (2001) . Jingzhou; 2 -S. africanum; 3 -T. aestivum cv. Anyuepaideng -S. africanum amphiploid; 4 -T. carthlicum -S. africanum amphiploid; 5 -Triticale with branched-spike; 6 -A. tauschii -S. silvestre amphiploid; 7 -Chinese Spring. Fig. 2 . PCR products amplified by Xgwm614 of a set of Chinese Spring -Imperial rye addition lines. M -Marker III; 1 -S. cereale cv. Jingzhou; 2 -S. africanum; 3 -S. cereale cv. Imperial; 4 -CSDA1R; 5 -CSDA2R; 6 -CSDA3R; 7 -CSDA4R; 8 -CSDA5R; 9 -CSDA6R; 10 -CSDA7R; 11 -Chinese Spring.
Finally, the slide was mounted in propidium iodide (PI) dissolved in Vectashield antifade solution (Vector Laboratories, Burlingame, CA, USA). By using an Olympus BX-51 microscope, microphotographs of FISH chromosomes were taken.
Results
Identification of species-specific marker Using the specific primer Xgwm614, a DNA band of approximately between 400bp and 500bp, was amplified in each tested lines (Fig. 1) . All fragments between 400-500bp were cloned into pMD18-T vector respectively and sequenced. The sequences were deposited in GenBank under accession numbers of EF077404, EF077403, EF179134-EF179136 and EF179138. The target band was not only observed in the Secale, but also detected in their amphiploid and triticale lines. The facts suggested that the product amplified by Xgwm614 between 400-500bp was a genome specific marker of Secale.
Chromosomal location of rye-specific sequence PCR analysis was performed on DNA from a set of CS -Imperial rye addition lines using primer Xgwm614. Two DNA bands were amplified in CS -Imperial rye addition line 1R to 7R respectively between 400-500bp while no band was observed in CS (Fig. 2) . Amplification bands were cloned into pMD18-T vector respectively and sequenced. Two weak amplification products were observed in every addition line; however, the smaller band of CSDA7R was obvious strong as well 
Sequence Analysis
The PCR products of S. cereale cv. Jingzhou, S. africanum, T. aestivum cv. Anyuepaideng -S. africanum amphiploid, T. carthlicum -S. africanum amphiploid, triticale with branched-spike, A. tauschii -S. silvestre amphiploid were cloned and sequenced. These were 416bp, 485bp, 452bp, 416bp, 387bp and 449bp in length, respectively, while segments of each addition line (1R to 7R) were 416bp and 485bp. The 416bp amplification product of S. cereale cv. Jingzhou was designated as pSa614 416 , and the 485bp product from S. africanum was designated as pSa614 485 .
The BLAST search to NCBI revealed that the sequences of S. cereale cv. Jingzhou (EF077404), S. africanum (EF007403), T. carthlicum -S. africanum amphiploid (EF179134), CSDA7R (EF376008) and CSDA3R (EF376009) (randomly selected from products amplified in addition lines 1R to 7R) have 88%, 87%, 89%, 88%, 87% sequence identity to MITE stowaway (CT009585) respectively. Nevertheless, sequences amplified in T. aestivum cv. Anyuepaideng -S. africanum amphiploid (EF179135), A. tauschii -S. silvestre amphiploid (EF179136) showed no significant similarity to any sequences in GenBank database. The amplification segment (EF179138) from branched-spike triticale Fenzhi-1 has 93% sequence similarity to Gypsy retrotransposon Fatima (DQ537335).
As shown in Fig. 3 , these five stowaway-like sequences have the characteristic of terminal inverted repeat (TIR) (5'-CTCCCTCCG-3') and the dinucleotide target site recognition (TA) beyond the TIR. To determine the homology with stowaway-like elements, sequence comparison was carried out. The result demonstrated that 5 sequences of stowaway-like elements showed homology as high as 96.31% on the average (Fig. 3) . However, sequences of EF007403 and EF376009 displayed 41bp longer (41bp region1underlying in Fig. 3 ) than other 3 sequences (EF376008, EF077404 and No. 3) at the forward 5' terminal of these stowaway-like elements. 2 bases varied in 41bp region-1 compared with 41bp region-2 in EF007403 and EF376009 sequences, and 5 bases of 41bp region-1 are different with 41bp region-2 in EF376008, EF077404 and EF179134 sequences. Meanwhile, the secondary structure of the sequences EF077404 of S. cereale cv. Jingzhou and EF007403 of S. africanum were predicted using MFOLD, and the typical well matched region were also clearly indicated (Fig. 4) .
Chromosomal distribution by FISH analysis
Fluorescence in situ hybridization using digoxigenin labeled pSa614 416 as probe was carried out in a somatic mitotic metaphase of S. cereale cv. Jingzhou (Fig. 5) . The weak dispersing signals distributed on all of 14 S. cereale cv. Jingzhou chromosomes arms except the part of telomeric and centromeric regions, while no signal was detected in T. aestivum chromosomes (data not shown). The strength of signals varied in 14 chromosomes of S. cereale cv. Jingzhou, in which 4 chromosomes displayed stronger signals than other chromosomes. The phenomena suggested that pSa614 416 was a rye genomic specific repetitive sequence and could be developed as a molecular marker.
Discussion
Simple sequence repeats (SSRs) are a class of repetitive DNA sequences widespread in eukaryotic genome randomly (Tautz & Renz 1984) . Based on SSR analysis, the genetic polymorphism among species has been extensively investigated, and the cytological markers, including the chromosome-, genomic-or species specific markers, were also effectively developed in plants (Cuadrado & Schwarzacher 1998; Fuchs et al. 1998; Schmidt & Heslop-Harrison, 1996) , while chromosome identification and genome organization are also observed by SSR analysis such as Aegilops tauschii (Pestsova 2000) , Lophopyrum elongatum (Mullan et al. 2005) and Dasypyrum ). In our previous study, 102 SSR primer pairs distributing in all chromosomes of T. aestivum, were investigated on Secale, wheat -Secale amphiploid and its derivatives using Chinese Spring wheat as control. Result of amplification revealed an obvious differentiation between test materials by using primer Xgwm614 which located on chromosome 2A. Result showed that a DNA band between 400bp-500bp was observed in each of Secale, wheat -Secale amphiploid and its derivatives. Then we cloned a repetitive DNA segment pSa614 416 and it appeared to have 87% homology with MITEs stowaway. The advantage of a rye-specific probe had been shown to be widely applicable to Secale, its amphiploids and CS-Imperial rye addition lines, suggesting that this genome specific PCR marker could rapidly trace the Secale chromatin in wheat background.
FISH is an important method to study the chromosomal organization, composition and evolution (Cuadrado & Schwarzacher 1998; Li et al. 2004) , while it is an effective assistance to trace alien chromatin (Belyayev 2001; Yang et al. 2006) . Although many repetitive DNA sequences for rye genome had been found, the majority of them are specific to single chromosome or a location rather than universally detecting rye chromatin (Rogowsky et al. 1992; Nagaki et al. 1999 ). In our study, the FISH pattern of probe pSa614 416 , showed dispersed signals across the 14 S. cereale cv. Jingzhou chromosomes, indicating that pSa614 416 was likely an ancient element distributed with along the chromosomes by genome extension. No significant signal appeared onT. aestivum chromosomes, suggesting that pSa614 416 was a genome specific sequence which enables rapid identification of the presence of rye chromatin in a wheat background. Different strength of fluorescence signals varying in 14 chromosomes of S. cereale cv. Jingzhou, it implies that unbalanced copies of the Stowaway-like element were distributed across the 14 chromosomes. Furthermore, stronger signals were observed on 1 or 2 chromosomes, for example Fig. 2 shows strong band in CSDA7R, indicating that 7R chromosomes are possibly abundant with Stowaway-like element.
The stowaway elements were first described by Bureau & Wessler (1994) , who discovered the first element as an insert into a Tourist element in Sorghum bicolor. Although many studies concentrated on identifying novel families of MITEs (Tu 2001; Amrani et al. 2002; Saito et al. 2005 ) and evolution (Tu 2000; Zhang et al. 2004) , stowaway elements were not well understood (Macas et al. 2005) . Previous studies showed that stowaway elements recognize a 2bp target site (TA) and have a more-or-less conserved TIR sequence of 11bp (CTCCCTCCGTT), and the entire element is capable of forming a more-or-less perfect hairpinlike secondary structure (Bureau & Wessler 1994) . In this study, one base variation of TIR sequence (CTTC-CTCCG) occurred on the third site and has a dinucleotide recognition site (TA) and might easily form a secondary structure (Fig. 4) . Each of secondary structure patterns revealed a well-matched region with more or less 20bp (main stems in Fig. 4a and 4b) , indicating that these regions may produce microRNA, which, after transcription, binds genes that have homologous sequences resulting in gene silencing. Furthermore, we BLAST this sequence (underlined in Fig. 4a, b) to the Triticeae EST database, revealing that this sequence shared 100% alignment to 83 sequences, which included some unigene sequences.
MITEs are useful as molecular markers and important tools for evolution studies (Feng 2003) . The close association of MITEs with plant genes may indicate their involvement in the evolution of these genes (Wessler et al. 1995) . The insertion of MITEs could probably modify transcriptional, splicing or translational regulation of the genes (Petersen & Seberg 2000) . For breeders MITEs are not only a vital tool to study evolution, but useful elements to improve wheat due to their transposable ability. The PCR-based markers were simple and fast to trace the alien germplasm in wheat genetic background. The molecular marker pSa6142A 416 could be useful in detecting introgressions from cultivated rye chromosome segments to wheat genome. All the results suggest that the molecular marker pSa6142A 416 could be used in wheat breeding and cytogenetic studies.
